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METHOD FOR TRANSMITTING NETWORK

SUPPORT INFORMATION FOR REMOVING

INTERFERENCE AND SERVING CELL BASE
STATION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Phase of PCT Interna-
tional Application No. PCT/KR2014/001065, filed on Feb.

7, 2014, which claims priority under 35 U.S.C. 119(e) to
U.S. Provisional Application No. 61/762,332, filed on Feb.
8, 2013, all of which are hereby expressly incorporated by
reference into the present application.

BACKGROUND OF THE INVENTION

Field of the Invention

The present specification discloses a method of transmait-
ting network assistance mformation for removing interfer-
ence, and a serving cell base station.

Related Art

A 3rd generation partnership project (3GPP) long term
evolution (LTE) that improves a universal mobile telecom-
munications system (UMTS) has been introduced to a 3GPP
release 8. The 3GPP LTE uses an orthogonal frequency
division multiple access (OFDMA) 1 a downlink and a
single carrier-frequency division multiple access (SC-
FDMA) 1n an uplink. The OFDM needs to know 1n order to
understand the OFDMA. The OFDM may be used since an
inter-symbol 1nterference effect can be reduced due to low
complexity. The OFDM converts data to be input 1n serial
into N parallel data and transmits 1t by carrying N orthogonal
sub-carriers. The sub-carriers maintains orthogonally 1n a
frequency dimension. Meanwhile, the OFDMA means a
multiple access method to realize multiple accesses by
providing a part ol the available sub-carrier to each user
independently, 1n a system using the OFDM 1n a modulation
scheme.

Meanwhile, in general, information, ¢.g., data, 1s easily
distorted and changed when transmitted through a wireless
channel. Therefore, a reference signal (RS) 1s required to
demodulate such information in an error-free manner. The
RS may be divided into a common RS (CRS) and a user
equipment (UE)-specific RS according to whether 1t 1s used

in common. In addition, according to a usage, the RS may
be divided into a demodulation RS (DM-RS) and a channel

state indicator RS (CSI-RS).

The CSI-RS 1s transmitted by a base station (BS) to a UE.
On the basis of the CSI-RS, the UFE feeds back information
indicating a channel state such as CQI/PMI/RI to the BS.

However, a CSI-RS from a neighbor cell may act as
interference to the UE according to a situation.

In particular, recently, there 1s an ongoing discussion on a
heterogeneous network 1n which a macro cell and a small
cell co-exist, and due to such a small cell, interference may
be more and more increased. Therefore, an interference
cancellation capability 1s desperately required.

SUMMARY OF THE INVENTION

Accordingly, the present specification 1s disclosed to
solve the aforementioned problem.

In order to achieve the alforementioned purpose, one
disclosure of the present specification proposes a method of
transmitting a network signal to a user equipment (UE) so
that the UE can effectively remove interference on a channel
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2

state 1ndicator (CSI)-reference signal (RS) or physical
downlink shared channel (PDSCH) from a neighbor cell.

More specifically, in order to achieve the aforementioned
purpose, one disclosure of the present invention provides a
method of transmitting network assistance information 1n a
serving cell 1in order to perform interference cancellation of
a terminal. The method may comprise: checking, by the
serving cell, whether a trathic load of the serving cell 1s
greater than or less than a first threshold value; checking, by
the serving cell, whether a traflic load of a neighbor cell 1s
greater than or less than a second threshold value; deter-
mining a target for which the interference cancellation 1s to
be performed by the terminal, based on a result of the
checking the traflic load of the serving cell and a result of the
checking the traflic load of the neighbor cell; and transmiut-
ting to the terminal the network assistance information
including information regarding the determined target for
which the interference cancellation 1s to be performed.

In the determining of the interference cancellation target,
it may be determined whether the target for which the
interference cancellation 1s to be performed 1s a neighbor
cell’s channel state indicator reference signal (CSI-RS) or a
physical downlink shared channel (PDSCH).

If the traflic load of the serving cell 1s below the first
threshold and the trathic load of the neighbor cell i1s also
below the second threshold, the target for which the inter-
terence cancellation 1s to be performed by the terminal 1s
determined as null. Here, a zero power (ZP) CSI-RS 1s
allocated by the serving cell at a location of a neighbor cell’s
non zero power (NZP) CSI-RS resource.

If the trafhic load of the serving cell 1s below the first
threshold but the traflic load of the neighbor cell 1s above the
second threshold, a neighbor cell’s PDSCH 1s determined as
the target for which the interference cancellation 1s to be
performed by the terminal.

Alternatively, 11 the traflic load of the serving cell 1s above

the first threshold but the trafiic load of the neighbor cell 1s
below the second threshold, a neighbor cell’s NZP CSI-RS
1s determined as the target for which the interference can-
cellation 1s to be performed by the terminal.

Alternatively, 11 the traflic load of the serving cell 1s above
the first threshold and the traflic load of the neighbor cell 1s
also above the second threshold, the neighbor cell’s CSI-RS
and PDSCH are determined as the target for which the
interference cancellation 1s to be performed by the terminal.

Alternatively, 1f the neighbor cell’s NZP CSI-RS 1s deter-
mined as the target for which the interference cancellation 1s
to be performed by the terminal, the network assistance
information mcludes one or more of the number of neighbor
cell’s antenna ports, resource configuration information of
the CSI-RS, subirame configuration information of the
CSI-RS, a scrambling code seed, and information of a power
ratio between the PDSCH and the CSI-RS.

Meanwhile, i order to achieve the atorementioned pur-
pose, one disclosure of the present specification provides a
serving cell base station for transmitting network assistance
information 1n order to perform interference cancellation of
a terminal. The serving cell base station may comprise: a
transceiver and a processor. The processor may be config-
ured to check whether a traflic load of a serving cell
associated with the serving cell base station i1s greater than
or less than a first value, check whether a traflic load of a
neighbor cell 1s greater than or less than a second value,
determine a target for which the interference cancellation 1s
to be performed by the terminal, based on a result of the
check of the traflic load of the serving cell and a result of the
check of the traflic load of the neighbor cell, and control the
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transceiver to transmit to the terminal the network assistance
information including information regarding the determined
target for which the interference cancellation 1s to be per-
formed.

According to a disclosure of the present specification, by
the use of neighbor cell’s network assistance mmformation
transmitted from a serving cell, a UE can relatively simply
remove interference caused by a neighbor cell’s CSI-RS
without an increase in complexity. Therefore, reception
performance for a signal from the serving cell can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a wireless communication system.
FIG. 2 1illustrates a general multiple antenna system.

FIG. 3 illustrates an example of a channel 1n a multi-
antenna system.

FI1G. 4 illustrates the architecture of a radio frame accord-
ing to frequency division duplex (FDD) in 3’? generation
partnership project (3GPP) long term evolution (LTE).

FI1G. 5 1llustrates an example resource grid for one uplink

or downlink slot in 3GPP LTE.

FIG. 6 illustrates the architecture of a downlink sub-
frame.

FIG. 7 illustrates the architecture of an uplink sub-frame
in 3GPP LTE.

FIG. 8 illustrates an example of comparison between a
single carrier system and a carrier aggregation system.

FI1G. 9q illustrates an example of a reference signal (RS)
structure that may support four antenna ports in normal
cyclic prefix (CP).

FI1G. 956 1llustrates an example of an RS structure that may
support four antenna ports 1n extended CP.

FI1G. 10 illustrates an example of a resource block (RB) to
which a CSI-RS 1s mapped among reference signals.

FIGS. 11a and 115 1llustrate an example of a situation in
which mterference 1s caused by a CSI-RS from a neighbor

cell.

FIG. 12 1illustrates an example in which resources are
allocated to avoid interference caused by a CSI-RS between
cells.

FIG. 13q 1llustrates an example of mutual interference
caused by a CSI-RS between cells, and FIG. 135 and FIG.
13c¢ 1llustrate examples 1n which a CSI-RS and a PDSCH
interfer with each other between cells.

FIG. 14a 1s a block diagram illustrating the structure of
user equipment (UE) according to one disclosure of the
present specification, and FIG. 145 1s a block diagram
illustrating operations of the interference cancellation unit
shown 1n FIG. 14a.

FIG. 15 illustrates a signal flow according to an embodi-
ment of the present specification.

FIG. 16 1s a flowchart illustrating a method of a serving
cell according to an embodiment of the present specification.

FI1G. 17a 1llustrates a heterogeneous network environment
for maximizing an eflfect exerted by a method according to
an embodiment, and FIG. 174 1llustrates another network
environment for maximizing an effect exerted by a method
according to an embodiment.

FIG. 18 1s a block diagram illustrating a wireless com-
munication system according to an embodiment of the
present mvention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The technical terms used herein are used to merely
describe specific embodiments and should not be construed
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4

as limiting the present invention. Further, the technical terms
used herein should be, unless defined otherwise, interpreted
as having meanings generally understood by those skilled 1n
the art but not too broadly or too narrowly. Further, the
technical terms used herein, which are determined not to
exactly represent the spirit of the invention, should be
replaced by or understood by such technical terms as being
able to be exactly understood by those skilled in the art.
Further, the general terms used herein should be interpreted
in the context as defined 1n the dictionary, but not 1n an
excessively narrowed manner.

The expression of the singular number 1n the specification
includes the meaning of the plural number unless the mean-
ing of the singular number 1s definitely different from that of
the plural number in the context. In the following descrip-
tion, the term ‘include’ or ‘have’ may represent the existence
of a feature, a number, a step, an operation, a component, a
part or the combination thereotf described in the specifica-
tion, and may not exclude the existence or addition of
another feature, another number, another step, another
operation, another component, another part or the combina-
tion thereof.

The terms ‘first” and ‘second’ are used for the purpose of
explanation about various components, and the components
are not limited to the terms ‘first” and ‘second’. The terms
‘first’ and ‘second’ are only used to distinguish one compo-
nent from another component. For example, a first compo-
nent may be named as a second component without devi-
ating from the scope of the present invention.

It will be understood that when an element or layer 1s
referred to as being “connected t0” or “coupled to” another
clement or layer, 1t can be directly connected or coupled to
the other element or layer or intervening elements or layers
may be present. In contrast, when an element 1s referred to
as being “directly connected to” or “directly coupled to”
another element or layer, there are no intervening elements
or layers present.

Herematter, exemplary embodiments of the present
invention will be described 1n greater detail with reference
to the accompanying drawings. In describing the present
invention, for ease of understanding, the same reference
numerals are used to denote the same components through-
out the drawings, and repetitive description on the same
components will be omitted. Detailed description on well-
known arts which are determined to make the gist of the
invention unclear will be omitted. The accompanying draw-
ings are provided to merely make the spirit of the mnvention
readily understood, but not should be intended to be limiting
of the invention. It should be understood that the spirit of the
invention may be expanded to 1ts modifications, replace-
ments or equivalents in addition to what 1s shown 1n the
drawings.

As used herein, ‘wireless device’ may be stationary or
mobile, and may be denoted by other terms such as terminal,
MT (mobile terminal), UE (user equipment), ME (mobile
equipment), MS (mobile station), UT (user terminal), SS
(subscriber station), handheld device, or AT (access termi-
nal).

As used herein, ‘base station’ generally refers to a fixed
station that communicates with a wireless device and may be
denoted by other terms such as eNB (evolved-NodeB), BTS
(base transceiver system), or access point.

Hereinafiter, applications of the present invention based on
3GPP (3rd generation partnership project) LTE (long term
evolution) or 3GPP LTE-A (advanced) are described. How-

ever, this 1s merely an example, and the present mnvention
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may apply to various wireless communication systems.
Hereinafter, LTE includes L'TE and/or LTE-A.

FIG. 1 shows a wireless communication system.

The wireless communication system 10 includes at least
one base station (BS) 20. Respective BSs 20 provide a
communication service to particular geographical areas 20aq,

200, and 20c¢ (which are generally called cells). Each cell
may be divided into a plurality of areas (which are called
sectors). A user equipment (UE) 10 may be fixed or mobile
and may be referred to by other names such as mobile station
(MS), mobile user equipment (MT), user equipment (UT),
subscriber station (SS), wireless device, personal digital
assistant (PDA), wireless modem, handheld device. The BS
201 generally refers to a fixed station that communicates
with the UE 10 and may be called by other names such as
evolved-NodeB (eNB), base transceiver system (BTS),
access point (AP), eftc.

The UE generally belongs to one cell and the cell to which
the UE belong 1s referred to as a serving cell. A base station
that provides the communication service to the serving cell
1s referred to as a serving BS. Since the wireless commu-
nication system 1s a cellular system, another cell that neigh-
bors to the serving cell 1s present. Another cell which
neighbors to the serving cell 1s referred to a neighbor cell. A
base station that provides the communication service to the
neighbor cell 1s referred to as a neighbor BS. The serving
cell and the neighbor cell are relatively decided based on the
UE.

Hereinafter, a downlink means communication from the
base station 20 to the terminal 10 and an uplink means
communication from the terminal 10 to the base station 20.
In the downlink, a transmitter may be a part of the base
station 20 and a receiver may be a part of the terminal 10.
In the uplink, the transmitter may be a part of the terminal
10 and the receiver may be a part of the base station 20.

Meanwhile, the wireless communication system may be
any one of a multiple-input multiple-output (MIMO) sys-
tem, a multiple-input single-output (MISO) system, a single-
input single-output (SISO) system, and a single-mput mul-
tiple-output (SIMO) system. The MIMO system uses a
plurality of transmit antennas and a plurality of receive
antennas. The MISO system uses a plurality of transmuit
antennas and one receive antenna. The SISO system uses
one transmit antenna and one receive antenna. The SIMO
system uses one transmit antenna and one receive antenna.
Hereinaftter, the transmit antenna means a physical or logical
antenna used to transmit one signal or stream and the receive
antenna means a physical or logical antenna used to receive
one signal or stream.

FIG. 2 1illustrates a general multiple antenna system.

As shown in FIG. 2, when increasing the number of
transmission antenna to N, and increasing the number of
reception antenna to N, at the same time, a transmission rate
can be 1ncreased and a frequency efliciency can be dramati-
cally increased because a theoretical channel transmission
capacity 1s increased in proportion to the number of antenna,
unlike the case of using multiple antennas only 1n either one
of transmitter or receiver.

The transmission rate due to the increase of channel
transmission capacity may be theoretically increased by
multiple of a maximum transmission rate R  in case of using
an antenna and a rate increase R, as shown below.

R=mm(N N Equation 1
; YR dq

The transmission information may include up to N
different pieces of information when the number of trans-
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mission antennas 1s N . In this case, the transmission infor-
mation may be represented as in Equation 2.

T

S=[S1,82, - - - »Sny] [Equation 2]

In Equation 2, s refers to a transmission information
vector, and s, S-, . . . , Sxrepresent the respective elements
of transmission information vectors. Fach imnformation may
be transmitted having a different transmission power. When
the respective transmission powers are represented as (P,
P, ..., P,xp), atransmission iformation vector to which a
transmission power 1s applied may be represented as in
Equation 3.

~ T:[

S=[81,82, -+« LSl =[P181,Pa80, - [Equation 3]

- :PNISNT] d

Equation 3 may be represented as the product of a
transmission power diagonal matrix and a transmission
information vector as in Equation 4.

|Equation 4]

= Ps

Ly
|

Transmission signals (X, X,, . . . , Xa) that are actually
transmitted through N transmission antennas are generated
by multiplying a transmission information vectors s to which
transmission power 1s applied by a weight matrix W. The
welght matrix W functions to properly distribute transmis-
s1on informations to individual antennas depending on trans-
mission channel conditions. Assuming that a transmission
signal vector 1s X, the following equation may be obtained.

X = |Equation 5]
X Wi Wi winy || S
X2 Wwar W22 Wanr 52
= . = W5 =WPFPs
A] Wit Wi WiNp S
ANT L | Whpt Wapz - Wapnr || Sh;

In Equation 5, an element in the weight matrix, w,
(1=1=N_, 1=1=<N,), represents a weight for an 1th transmis-
s1on antenna and a jth transmission information. The weight
matrix W 1s also denoted a precoding matrix.

A transmission signal vector may include different trans-
mission informations depending on transmission schemes.
For example, when spatial diversity, 1.e., transmission diver-
sity, applies, transmission informations of the transmission
signal vectors may be all the same. That 1s, [, S, . . ., S, ]
may be all the same information, e.g., [s;, s;, . . . , S;].
Accordingly, since the same transmission informations are
transierred to the receirver through different channels, a
diversity eflect occurs, and the transmission may be more
reliable.

Or, when spatial multiplexing applies, the transmission
informations of the transmission signal vectors may be
different. That 1s, s,, s,, . . ., s, ~may be all different. Since
different transmission informations are transmitted to the
receiver through different channels, the amount of informa-
tion to be transmitted may be increased.

e
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Of course, transmission informations may be transmitted
using both spatial diversity and spatial multiplexing. That 1s,
in the above example, the same informations may be trans-
mitted by spatial diversity through three transmission anten-
nas, and different informations may be transmitted through
spatial multiplexing through the remaining transmission
antennas. In such case, the transmission information vectors
may be configured as, e.g., [S,, S5 S;s S,, S3 - .

s S, ]
When the receiver has N, reception antennas, a signal

received by an individual reception antenna may be repre-

sented as v, (1=n=Ny). In this case, a reception signal vector

y may be represented as in the following equation.

I8 [Equation 6]

y:[yl:yE: - :yNR

When channel modeling 1s performed in a MIMO system,
cach channel may be differentiated from another by an index
of a transmission antenna and an index of a reception
antenna. When the index of the transmission antenna 1s j,
and the index of the reception antenna is 1, the channel
between the transmission antenna and the reception antenna
may be represented as h, . (it should be noted that the index
of the reception antenna comes before the index of the
transmission antenna in the subscript indicating the chan-
nel).

FIG. 3 illustrates an example of a channel 1n a multi-
antenna system.

Referring to FIG. 3, channels for N transmission anten-
nas and reception antenna 1 are represented as h.,, h,, h.,.~
For convenience, such channels may be represented 1n a
matrix or vector. Then, the channels h,,,h,, ..., h ., may
be represented 1n a vector form as follows.

h, =[h;,h;, . .

] [Equation 7]

When a matrix representing all the channels to N, in N
transmission antennas 1s channel matrix H, H may be

represented as 1 Equation 8.

Ty R huny [Equation 8]
4 Moy ha Moy
H = =
h! hit — hi2 Ring
_ h;;g _ _hNRI hNRZ hNENT |

A signal transmitted through a transmission antenna
passes through a channel as represented 1n Equation 8 and 1s
then received by a reception antenna. In this case, the actual
channel adds noise. The noise may be mathematically
deemed an AWGN (Additive White Gaussian Noise). When
AWGNs added to the reception antennas, respectively, are
represented as n,, n,, . . . , N,yp, the AWGNs may be
represented as a vector as in the following equation.

n=[n;n,, ... ,,Ilf.fﬁ,:]JT [Equation 9]

A reception signal vector y recetved by a reception
antenna considering the above-described AWGN, transmis-
s1on signal vector X, and channel matrix may be represented
as 1n the following equation.
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By ROTEIT: gy X1 1 [Equation 10]
y2 Moy A hony || X2 1)
y — — + -
Vi My i Ming || % 7,
CINR L | Bnvgl Bng2 Anpng |L¥NT INg
Hx +n

The numbers of rows and columns 1n the channel matrix
H are determined depending on the numbers of transmission
antennas and reception antennas. The number of rows 1n the
channel matrix H 1s the same as the number of reception
antennas. The number of columns 1n the channel matrix H 1s
the same as the number of transmission antennas. Accord-
ingly, the channel matrix H may be represented as a N, xIN ..
matrix.

Generally, a rank of a matrix 1s defined by the smaller of
the number of independent rows and the number of inde-
pendent columns. Accordingly, the rank of matrix cannot be
larger than the number of rows or the number of columns,
and the rank of channel matrix H 1s determined as in the

following equation.

rank()=min(N;Nz) [Equation 11]

Meanwhile, a wireless communication system may be
divided 1nto a frequency division duplex (FDD) method and
a time division duplex (TDD) method. Based on the FDD
method, an uplink transmission and a downlink transmission
are progressed 1n different frequency bands. Based on the
TDD method, the uplink transmission and the downlink
transmission are performed in the same frequency band at
different times. A channel response of a TDD method 1s
actually reciprocal. This means the downlink channel
response and the uplink channel response are almost same in
the current frequency domain. Therelfore, there 1s an advan-
tage 1n that the downlink channel response 1n the wireless
communication system based on the TDD may be obtained
from the uplink channel response. In the TDD method, as the
whole frequency domain 1s divided into an uplink transmis-
sion and a downlink transmission by time-share, 1t 1s not
available to perform the downlink transmission by a termi-
nal and the uplink transmission by a UE at the same time. In
the TDD system in which an uplink transmission and a
downlink transmission are divided by a subirame umit, the
uplink transmission and the downlink transmission are per-
formed in different subirames.

Heremaftter, the LTE system 1s described in further detail.

FIG. 4 1llustrates the architecture of a radio frame accord-
ing to FDD in 3GPP LTE.

Retferring to FIG. 4, the radio frame 1s composed of ten
subirames, and one subirame 1s composed of two slots. The
slots 1n the radio frame are designated by slot numbers from
0 to 19. The time at which one subirame 1s transmitted 1s
referred to as a transmission time interval (1TI). The TTI
may be called as a scheduling unit for data transmission. For
example, the length of one radio frame may be 10 ms, the
length of one subirame may be 1 ms, and the length of one
slot may be 0.5 ms.

The structure of the radio frame 1s merely an example, and
the number of subiframes included in the radio frame, the
number of slots included in the subirame, etc. may be
variously modified.
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FIG. 5 illustrates an example resource grid for one uplink
or downlink slot in 3GPP LTE.

Referring to FI1G. 5, the uplink slot includes a plurality of
OFDM (orthogonal frequency division multiplexing) sym-
bols 1n the time domain and NUL resource blocks (RBs) in
the frequency domain. OFDM symbol 1s to represent one
symbol period, and depending on system, may also be
denoted SC-FDMA symbol, OFDM symbol, or symbol
period. The resource block 1s a unit of resource allocation
and includes a plurality of sub-carriers 1in the frequency
domain. The number of resource blocks included in the
uplink slot, 1.e., NUL, 1s dependent upon an uplink trans-
mission bandwidth set 1n a cell. Fach element on the
resource grid 1s denoted resource element.

Here, by way of example, one resource block includes
7x12 resource elements that consist of seven OFDM sym-
bols 1n the time domain and 12 sub-carriers in the frequency
domain. However, the number of sub-carriers 1n the resource
block and the number of OFDM symbols are not limited
thereto. The number of OFDM symbols 1n the resource
block or the number of sub-carriers may be changed vari-
ously. In other words, the number of OFDM symbols may be
varied depending on the above-described length of CP. In
particular, 3GPP LTE defines one slot as having seven
OFDM symbols 1n the case of CP and six OFDM symbols
in the case of extended CP.

In 3GPP LTE, the resource grid for one uplink slot shown
in FIG. 4 may also apply to the resource grid for the
downlink slot.

FIG. 6 illustrates the architecture of a downlink sub-
frame.

For this, 3GPP TS 36.211 V10.4.0 (2011 December)
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 10)”, Ch. 4 may
be referenced.

The radio frame 1ncludes 10 sub-frames indexed O to 9.
One sub-frame 1ncludes two consecutive slots. Accordingly,
the radio frame includes 20 slots. The time taken for one
sub-frame to be transmitted 1s denoted TTI (transmission
time interval). For example, the length of one sub-frame
may be 1 ms, and the length of one slot may be 0.5 ms.

One slot may include a plurality of OFDM (orthogonal
frequency division multiplexing) symbols 1n the time
domain. OFDM symbol 1s merely to represent one symbol
period 1n the time domain since 3GPP LTE adopts OFDMA
(orthogonal frequency division multiple access) for down-
link (DL), and the multiple access scheme or name 1s not
limited thereto. For example, the OFDM symbol may be
referred to as SC-FDMA (single carrier-irequency division
multiple access) symbol or symbol period.

Here, one slot includes seven OFDM symbols, by way of
example. However, the number of OFDM symbols included
in one slot may vary depending on the length of CP (cyclic
prefix). That 1s, as described above, according to 3GPP TS
36.211 V10.4.0, one slot includes seven OFDM symbols 1n
the normal CP and six OFDM symbols in the extended CP.

Resource block (RB) 1s a unit for resource allocation and
includes a plurality of sub-carriers i one slot. For example,
i one slot includes seven OFDM symbols 1 the time
domain and the resource block includes 12 sub-carriers 1n
the frequency domain, one resource block may 1include 7x12
resource elements (REs).

The DL (downlink) sub-frame 1s split into a control region
and a data region in the time domain. The control region
includes up to first three OFDM symbols 1n the first slot of
the sub-frame. However, the number of OFDM symbols
included in the control region may be changed. A PDCCH
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(physical downlink control channel) and other control chan-
nels are assigned to the control region, and a PDSCH 1s
assigned to the data region.

As set forth in 3GPP TS 36.211 V10.4.0, the physical
channels 1n 3GPP LTE may be classified into data channels

such as PDSCH (physical downlink shared channel) and
PUSCH (physical uplink shared channel) and control chan-
nels such as PDCCH (physical downlink control channel),
PCFICH (physical control format indicator channel),
PHICH (physical hybrid-AR(Q indicator channel) and
PUCCH (physical uplink control channel).

The PCFICH transmitted 1n the first OFDM symbol of the

sub-frame carries CIF (control format indicator) regarding
the number (1.e., size of the control region) of OFDM
symbols used for transmission of control channels in the

sub-frame. The wireless device first receives the CIF on the
PCFICH and then monitors the PDCCH.

Unlike the PDCCH, the PCFICH 1is transmuitted through a

fixed PCFICH resource in the sub-frame without using blind
decoding.

The PHICH carries an ACK (positive-acknowledgement)/
NACK (negative-acknowledgement) signal for a UL HARQ
(hybrid automatic repeat request). The ACK/NACK signal
for UL (uplink) data on the PUSCH transmitted by the
wireless device 1s sent on the PHICH.

The PBCH (physical broadcast channel) 1s transmitted 1n
the first four OFDM symbols 1n the second slot of the first
sub-frame of the radio frame. The PBCH carries system
information necessary for the wireless device to communi-
cate with the base station, and the system information
transmitted through the PBCH 1s denoted MIB (master
information block). In comparison, system information
transmitted on the PDSCH indicated by the PDCCH 1s
denoted SIB (system information block).

The control information transmitted through the PDCCH
1s denoted downlink control information (DCI). The DCI
may include resource allocation of PDSCH (this 1s also
referred to as DL (downlink) grant), resource allocation of
PUSCH (this 1s also referred to as UL (uplink) grant), a set
of transmission power control commands for individual UEs
in some UE group, and/or activation of VoIP (Voice over
Internet Protocol).

In 3GPP LTE, blind decoding 1s used for detecting a
PDCCH. The blind decoding 1s a scheme of identifying
whether a PDCCH 1s 1ts own control channel by demasking
a desired 1dentifier to the CRC (cyclic redundancy check) of
a recerved PDCCH (this 1s referred to as candidate PDCCH)
and checking a CRC error. The base station determines a
PDCCH format according to the DCI to be sent to the
wireless device, then adds a CRC to the DCI, and masks a
unmique 1dentifier (this 1s referred to as RNTI (radio network

temporary 1dentifier) to the CRC depending on the owner or
purpose of the PDCCH.

According to 3GPP TS 36.211 V10.4.0, the uplink chan-
nels include a PUSCH, a PUCCH, an SRS (Sounding
Retference Signal), and a PRACH (physical random access
channel).

FIG. 7 illustrates the architecture of an uplink sub-frame
in 3GPP LTE.

Referring to FIG. 7, the uplink sub-frame may be sepa-
rated into a control region and a data region 1n the frequency
domain. The control region 1s assigned a PUCCH (physical
uplink control channel) for transmission of uplink control
information. The data region 1s assigned a PUSCH (physical
uplink shared channel) for transmission of data (in some
cases, control information may also be transmitted).
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The PUCCH for one terminal 1s assigned in resource
block (RB) pair in the sub-frame. The resource blocks 1n the
resource block pair take up different sub-carriers 1n each of
the first and second slots. The frequency occupied by the
resource blocks in the resource block pair assigned to the
PUCCH 1s varied with respect to a slot boundary. This 1s
referred to as the RB pair assigned to the PUCCH having
been frequency-hopped at the slot boundary. The terminal
may obtain a frequency diversity gain by transmitting uplink
control information through different sub-carriers over time.

FIGS. 8a and 8b illustrate an example of comparison
between a single carrier system and a carrier aggregation
system.

Referring to FIG. 8a, a typical FDD wireless communi-
cation system supports one carrier for uplink and downlink.
In this case, the carrier may have various bandwidths, but
only one carrier 1s assigned to the user equipment.

In other words, 1n the typical FDD wireless communica-
tion system, data transmission and reception 1s carried out
through one downlink band and one uplink band corre-
sponding thereto. The bit stream and the user equipment
transmit and receive control information and/or data sched-
uled for each sub-frame. The data 1s transmitted/recerved
through the data region configured in the uplink/downlink
sub-frame, and the control information i1s transmitted/re-
ceived through the control region configured 1n the uplink/
downlink sub-frame. For this, the uplink/downlink sub-
frame carries signals through various physical channels.
Although the description 1n connection with FIG. 7 primar-
1ly focuses on the FDD scheme for ease of description, the
foregoing may be applicable to the TDD scheme by sepa-
rating the radio frame for uplink/downlink 1n the time
domain.

As shown in FIG. 8a, data transmission/reception per-
formed through one downlink band and one uplink band
corresponding to the downlink band is referred to as a single
carrier system.

Such single carrier system may correspond to an example
of communication in the LTE system. Such 3GPP LTE
system may have an uplink bandwidth and a downlink
bandwidth that differ from each other, but supports up to 20
MHz.

Meanwhile, a high data transmission rate 1s demanded.
The most fundamental and stable solution to this 1s to
increase bandwidth.

However, the frequency resources are presently saturated,
and various technologies are partially being in use 1n a wide
range of frequency band. For such reason, as a method for
securing a broad bandwidth to satisiy the demand for higher
data transmission rate, each scattered band may be designed
to meet basic requirements for being able to operate an
independent system, and carrier aggregation (CA) whose
concept 1s to bundle up multiple bands to a single system has
been introduced.

That 1s, the carrier aggregation (CA) system means a
system that constitutes a broadband by gathering one or
more carriers each of which has a bandwidth narrower than
the targeted broadband when supporting a broadband in the
wireless communication system.

Such carrier aggregation (CA) technology 1s also adopted
in the LTE-advanced (heremnafter, ‘LTE-A’). The carrier
aggregation (CA) system may also be referred to as a
multiple-carrier system or bandwidth aggregation system.

In the carner aggregation (CA) system, a user equipment
may simultaneously transmit or recerve one or more carriers
depending on 1ts capabilities. That 1s, 1n the carrier aggre-
gation (CA) system, a plurality of component carriers (CCs)
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may be assigned to a user equipment. As used herein, the
term “‘component carrier’ refers to a carrier used 1n a carrier
aggregation system and may be abbreviated to a carner.
Further, the term “component carrier” may mean a Ire-
quency block for carrier aggregation or a center frequency of
a frequency block 1n the context and they may be inter-
changeably used.

FIG. 856 may correspond to a commumnication example 1n
an L1E-A system.

Referring to FIG. 8b, in case, e.g., three 20 MHz com-
ponent carriers are assigned to each of uplink and downlink,
the user equipment may be supported with a 60 MHz
bandwidth. Or, for example, 1f five CCs are assigned as
granularity of the unit of carrier having a 20 MHz band-
width, up to 100 MHz may be supported. FIG. 85 illustrates
an example 1n which the bandwidth of an uplink component
carrier 1s the same as the bandwidth of a downlink compo-
nent carrier for ease of description. However, the bandwidth
of each component carrier may be determined indepen-
dently. When aggregating one or more component carriers,
a targeted component carrier may utilize the bandwidth used
in the existing system for backward compatlblhty with the
existing system. For example, in a 3GPP LTE system,
bandwidths of 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz
and 20 MHz may be supported. Accordingly, the bandwidth
of an uplink component carrier may be constituted like 5
MHz(UL CC0)+20 MHz(UL CC1)+20 MHz(UL CC2)+20
MHz(UL CC3)+5 MHz(UL CC4), for example. However,
without consideration of backward compatibility, a new
bandwidth may be defined rather the existing system band-
width being used, to constitute a broadband.

FIG. 8b 1llustrates an example in which the number of
uplink component carriers 1s symmetric with the number of
downlink component carriers for ease ol description. As
such, when the number of uplink component carriers 1s the
same as the number of downlink component carriers 1s
denoted symmetric aggregation, and when the number of
uplink component carriers 1s diflerent from the number of
downlink component carriers 1s denoted asymmetric aggre-
gation.

The asymmetric carrier aggregation may occur due to a
restriction on available frequency bands or may be artifi-
cially created by a network configuration. As an example,
even when the enftire system band comprises N CCs, the
frequency band where a particular user equipment may
perform reception may be limited to M (<N) CCs. Various
parameters for carrier aggregation may be configured cell-
specifically, UE group-specifically, or UE-specifically.

Meanwhile, carrier aggregation systems may be classified
into contiguous carrier aggregation systems where each
carrier 1s contiguous with another and non-contiguous car-
rier aggregation systems where each carrier 1s spaced apart
from another. A guard band may be present between the
carriers in the contiguous carrier aggregation system. Here-
inafter, simply referring to a multi-carrier system or carrier
aggregation system should be understood as including both
when component carriers are contiguous and when compo-
nent carriers are non-contiguous.

Meanwhile, the concept of cell as conventionally appre-
ciated 1s varied by the carrier aggregation technology. In
other words, according to the carrier aggregation technol-
ogy, the term “cell” may mean a pair of a downlink fre-
quency resource and an uplink frequency resource. Or, the
cell may mean a combination of one downlink frequency
resource and an optional uplink frequency resource.

In other words, according to the carrier aggregation

technology, one DL CC or a pair of UL CC and DL CC may
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correspond to one cell. Or, one cell basically includes one
DL CC and optionally includes a UL CC. Accordingly, a
user equipment communicating with a bit stream through a
plurality of DL CCs may be said to receive services from a
plurality of serving cells. In this case, although downlink 1s
constituted of a plurality of DL CCs, uplink may be used by
only one CC. In such case, the user equipment may be said
to receive services from a plurality of serving cells for
downlink and to recerve a service from only one serving cell
for uplink.

Meanwhile, 1n order for packet data to be transmitted/
received through a cell, configuration for a particular cell
should be completed. Here, the term “configuration™ means
the state where system information necessary for data trans-
mission/reception on a corresponding cell 1s completely
received. For example, the configuration may include the
overall process of receiving common physical layer param-
cters necessary for data transmission/reception, MAC (me-
dia access control) layer parameters, or parameters neces-
sary lor a particular operation in RRC layer. The
configuration-completed cell 1s 1n the state where packet
transmission/reception 1s possible simply when information
indicating that packet data may be transmitted 1s received.

The configuration-completed cell may be left 1n activation
or deactivation state. Here, the term ‘“‘activation” refers to
data transmission or reception being performed or being
ready. The UE may monitor or receive a control channel
(PDCCH) or data channel (PDCCH) of an activated cell 1n
order to 1dentify resources (which may be frequency or time)
assigned thereto.

Transmission or reception with a deactivated cell 1s
impossible, while measurement or transmission/reception of
least information 1s possible. The user equipment may
receive system information (SI) necessary for receiving
packets from a deactivated cell. In contrast, the user equip-
ment does not monitor or receive the control channel (PD-
CCH) and data channel (PDSCH) of deactivated cells to
identify resources (which may be frequency or time)
assigned thereto.

In accordance with carrier aggregation technology, thus,
activation/deactivation of a component carrier may be the
same 1n concept as activation/deactivation of a servmg cell.
For example, assuming that serving cell 1 comprises DL
CC1, activation of servmg cell 1 means activation of DL
CC1. Assuming that serving cell 2 1s configured so that DL
CC2 1s connected with UL CC2, activation of serving cell 2
means activation ol DL CC2 and UL CC2. In that regard,
cach component carrier may correspond to a serving cell.

On the other hand, a change 1n the concept of serving cell
as conventionally understood by the carrier aggregation
technology leads to primary cells and secondary cells being,
separated from each other.

The primary cell refers to a cell operating 1n a primary
frequency and means a cell where the user equipment
performs an initial connection establishment procedure or
connection re-establishment procedure with a bit stream or
a cell designated so during the course of handover.

The secondary cell means a cell operating 1n a secondary
frequency, and 1s configured once an RRC connection 1is
established and 1s used to provide additional radio resources.

The PCC (primary component carrier) means a compo-
nent carrier (CC) corresponding to the primary cell. The
PCC means a CC where the user equipment initially
achieves connection (or RRC connection) with the base
station among various CCs. The PCC 1s a special CC that 1s
in charge of connection (or RRC connection) for signaling
regarding multiple CCs and that manages UE context that 1s
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connection information relating to the UE. Further, the PCC,
in case the PCC achieves connection with the UE so that 1t
1s 1n RRC connected mode, always remains in activated
state. The downlink component carrier corresponding to the
primary cell 1s referred to as a downlink primary component
carrier (DL FCC), and the uplink component carrier corre-
sponding to the primary cell 1s referred to as an uplink
primary component carrier (UL PCC).

The SCC (secondary component carrier) means a CC
corresponding to the secondary cell. That 1s, the SCC1s a CC
assigned to the user equipment, which 1s not the PCC, and
the SCC 1s an extended carrier for the user equipment to
assign additional resources other than the PCC. The SCC
may stay in activated state or deactivated state. The down-
link component carrier corresponding to the secondary cell
1s referred to as a downlink secondary component carrier
(DL SCC), and the uplink component carrier corresponding,
to the secondary cell 1s referred to as an uplink secondary
component carrier (UL SCC).

The primary cell and the secondary cell have the follow-
ing features.

First, the primary cell 1s used for transmission of a
PUCCH. Second, the primary cell always remains activated
while the secondary cell switches between activation/deac-
tivation depending on particular conditions. Third, when the
primary cell experiences radio link failure (hereinafter,
“RLE”), the RRC reconnection 1s triggered. Fourth, the
primary cell may be varied by a handover procedure that
comes together with security key changing or an RACH
(Random Access CHannel) procedure. Fifth, NAS (non-
access stratum) information 1s recerved through the primary
cell. Sixth, 1n the case of an FDD system, the primary cell
1s constituted of a pair of DL PCC and UL PCC. Seventh, a
different component carrier may be set as the primary cell
for each user equipment. Fighth, primary cells may be
exchanged only by a handover, cell selection/cell reselection
process. In adding a new secondary cell, RRC signaling may
be used to transmit system information of the dedicated
secondary cell.

As described above, the carrier aggregation system may
support a plurality of component carriers (CCs), 1.€., a
plurality of serving cells, unlike the single carrier system.

Such carrier aggregation system may support cross-car-
rier scheduling. The cross-carrier scheduling 1s a scheduling
method that allows for resource allocation of a PDSCH
transmitted through other component carrier through a
PDCCH transmitted through a particular component carrier
and/or resource allocation of a PUSCH transmitted through
other component carrier than the component carrier basi-

cally linked with the particular component carrier. That 1s,

PDCCH and a PDSCH may be transmitted through dit erent
downlink CCs, and a PUSCH may be transmitted through an
uplink CC other than an uplink CC linked with a downlink
CC through which a PDCCH including a UL grant 1is
transmitted. As such, the cross-carrier scheduling-supportive
system requires a carrier indicator indicating a DL CC/UL
CC through which a PDSCH/PUSCH through which a
PDCCH provides control information 1s transmitted. The
field containing such carrier indicator 1s hereinafter referred
to as a carrier indication field (CIF).

The carrier aggregation system supportive of cross-carrier
scheduling may include a carrier indication field (CIF) 1n the
conventional DCI (downlink control information) format. A
cross-carrier scheduling-supportive system, e.g., an LTE-A
system, adds a CIF to the existing DCI format (i.e., DCI

format used 1 L'TE), so that 1t may be extended with three




US 9,838,894 B2

15

bits, and 1t may reuse the existing coding scheme, resource
allocation scheme (i1.e., CCE-based resource mapping) for
the PDCCH structure.

Meanwhile, the reference signal 1s hereinafter described.

Generally, transmission information, e.g., data, may be
prone to be distorted or varied while transmitted through a
wireless channel. Accordingly, a reference signal 1s required
to demodulate the transmission information without errors.
The reference signal 1s a signal previously known between
the transmitter and the receiver and 1s transmitted together
with transmission information. Since transmission informa-
tion transmitted from the transmitter goes through a channel
corresponding to each transmission antenna or layer, the
reference signal may be allocated per transmission antenna
or layer. The reference signal per transmission antenna or
layer may be diflerentiated using resources, such as time,
frequency, or code. The reference signal may be used for two
purposes, 1.¢., demodulation and channel estimation of trans-
mission information.

There may be two types of reference signals depending on
the category of a recerver previously aware ol a reference
signal. The first reference signal 1s a reference signal that 1s
known to only a particular receiver (e.g., a particular UE)
and such reference signal 1s denoted a dedicated RS (DRS).
The dedicated reference signal, 1n such meaning, 1s also
referred to as a UE-specific RS. The second reference signal
1s a reference signal that 1s known to all the receivers 1 a
cell, e.g., all the UEs, and such reference signal 1s denoted
a common RS (CRS). The CRS 1s also denoted a cell-
specific RS.

Further, reference signals may be classified depending on
uses. For example, a reference signal used for data demodu-
lation 1s denoted a demodulation RS (DM-RS). A reference
signal used for feedback information indicating a channel
state, such as CQI/PMI/RI, 1s denoted a CSI-RS (channel
state 1indicator-RS). The DRS may be used, as a DM-RS. It
1s hereinafter assumed that the DM-RS 1s a DRS.

FI1G. 9q illustrates an example of an RS structure that may
support four antenna ports 1n normal CP. FIG. 95 1llustrates
an example of an RS structure that may support four antenna
ports 1n extended CP.

The RS structures of FIGS. 9a and 95 are RS structures
used 1n a conventional 3GPP LTE system.

The resource element marked with one of O to 3 1n FIGS.
9a and 96 denotes a resource element where a cell-specific
reference signal, 1.e., a common reference signal (CRS) 1s
transmitted. Here, any one of 0 to 3 denotes a supported
antenna port. That 1s, resource elements marked with p (p 1s
any one ol 0 to 3) mean resource eclements to which a
common reference signal for antenna port p 1s mapped. Such
common reference signal 1s used to perform channel mea-

CSI-RS-Config-r10 ::=
cs1-RS-r10

release

setup

antennaPortsCount-r10
resourceConfig-r10
subframeConfig-r10

p-C-rl0

h
h

zero ITxPowerCSI-RS-r10

release

setup
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surement and data demodulation on each antenna port. The
common reference signal 1s transmitted in both the control
region and the data region.

Resource elements marked with D 1n FIGS. 9a and 95
denote resource elements to which a UE-specific reference
signal, 1.e., a dedicated reference signal (DRS) 1s mapped.
The UE-specific reference signal may be used single antenna
port transmission of a PDSCH. The UE receives an indica-
tion as to whether a UE-specific reference signal 1s trans-
mitted, and when a PDSCH 1s transmitted, whether the
UE-specific reference signal 1s valid, through a higher layer
signal. The UE-specific reference signal may be transmitted
only when data demodulation 1s needed. The UE-specific
reference signal may be transmitted only in the data region.

FIG. 10 illustrates an example of an RB to which a
CSI-RS 1s mapped among reference signals.

A CSI-RS 1s used for channel measurement for generation
of channel information and channel estimation on a PDSCH
of an LTE-A UE. CSI-RSs are relatively sparsely arranged
in the frequency region or time region, and may be punc-
tured in the data region of a normal sub-frame or MBSFN
sub-frame. When necessary through CSI estimation, CQI,
PMI, and RI may be reported from the UE.

CSI-RSs are transmitted through one, two, four, or eight
antenna ports. The antenna ports used here are p=13, p=13,
16, p=15, ..., 18 and p=15, . . ., 22, respectively. That 1s,
CSI-RSs may be transmitted through one, two, four, and
eight antenna ports. See 3GPP(3rd Generation Partnership
Project) TS 36.211 V10.1.0 (2011 March) “Technical Speci-
fication Group Radio Access Network; Evolved Universal
Terrestrial Radio Access (E-UTRA); Physical channels and
modulation (Release 8),” Ch. 6.10.5 for the CSI-RS.

In transmission of a CSI-RS, up to 32 different configu-
rations may be proposed to reduce inter-cell interference
(ICI) 1n a multi-cell environment 1including a heterogeneous
network (HetNet) environment. The configuration of the
CSI-RS may be varied depending on the number of antenna
ports 1n the cell and CP, and a neighboring cell may have a
configuration as different as possible. Further, CSI-RS con-
figurations may be divided depending on the frame structure
into ones applied to both the FDD frame and TDD frame and
ones applied only to the TDD frame. A plurality of CSI-RS
configurations in one cell may be used. Zero or one CSI-RS
configuration for UEs assuming non-zero power CSI-RSs
and 0 or several CSI-RS configurations for UEs assuming
zero power CSI-RSs may come 1n use.

The CSI-RS configurations may be 1ndicated by a higher
layer. For example, a CSI-RS-Config IE (information ele-
ment) transmitted through a higher layer may indicate a

CSI-RS configuration. Table 1 shows an example of CSI-
RS-Contfig IE.

TABLE 1
SEQUENCE {
CHOICE {
NULL,
SEQUENCE {

ENUMERATED {anl, an2, an4, an8},
INTEGER (0..31),
INTEGER (0..154),
INTEGER (-8..15)

OPTIONAL, -- Need ON
CHOICE {

NULL,
SEQUENCE {
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TABLE 1-continued

zeroTxPowerResourceConfiglist-r10
zeroTxPowerSubframeConfig-r10

h
h
h

-- ASN1ISTOP

BIT STRING (SIZE (16)),
INTEGER (0..154)

OPTIONAL

Referring to Table 1, the ‘antennaPortsCount” field indi-
cates the number of antenna ports used for transmission of
a CSI-RS. The ‘resourceConfig’ field indicates a CSI-RS
configuration. The ‘SubiframeConfig’ field and ‘zeroTxPow-

erSubirameContig’ field indicate sub-frame configurations
where a CSI-RS 1s transmitted.

The ‘zeroTxPowerResourceConfiglist’ field indicates a
zero-power CSI-RS configuration. The CSI-RS configura-
tions corresponding to bits set to 1’s 1n the bitmap of 16 bits
constituting the ‘zeroTxPowerResourceConfiglist” field

may be set as zero-power CSI-RSs.

Asequence r;, (m) for CSI-RS may be generated as in the

following equation.

1 1 |Equation 12]
Fin (M) = ﬁ(l —2-c(2m)) + ;5(1 —2-c(Zm+ 1)),
m=0,..  NogPL_ |
where,
Cinit =

22T s+ DHI+ D2 NF+ D +2-NE + Nep
NCP={

In Equation 12, n_ 1s a slot number 1n the radio frame, and
1 1s an OFDM symbol number 1n the slot. ¢(1) 1s a pseudo
random sequence and 1s started at each OFDM symbol with
c.. .. indicated in Equation 1. N, ;" means a physical cell ID.

1
0 for extended CP

tor normal CP

IFIEL

In sub-frames configured to transmit CSI-RSs, the refer-
ence signal sequence r;, (m) 1s mapped to a complex value
modulation symbol a, 3@) used as a reference symbol for
antenna port p.

The relationship between r; ,.(m) and akﬂz(p) 1S given as 1n
the following equation.

configuration index

TDD and
FDD

frames

45

CSI-RS

—_ =

— O D 20 -1 Oy B = O
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-- Need ON
10
|Equation 13]
af f = wpn - r(m)
where,
15
(-0 for p € {135, 16}, normal cyclic prefix
-6 for p €{17, 18}, normal cyclic prefix
—1 for p € {19, 20}, normal cyclic prefix
—7 for pe {21 22}, normal cyclic prefix
20 k=K +12m ++ £ _}' -.p .
—0 for p €{15, 16}, extended cyclic prefix
-3 for p € {17, 18}, extended cyclic prefix
-6 for p €19, 20}, extended cyclic prefix
| =9 for p e {21 22}, extended cyclic prefix
25
=1 +
e CS1 reference signal configurations U- 19, normal cyclic prefix
< 21" CSI reference signal configurations 20-31, normal cyclic prefix
30 " CSI reference signal configurations 0-27, extended cyclic prefix
1 pe{ls, 17,19, 21}
W — 1
"l =Y pedls, 18,20, 22)
35 ["=0,1
m=0,1,... , Not -1
max, DL
, Ngg™ " — Ngg
m =m+
2
40

In Equation 13, (k', I') and n_ are given in Tables 2 and 3
described below. A CSI-RS may be transmitted 1n a down-
link slot where (n,. mod 2) meets the conditions in Tables 2
and 3 to be described below (where, ‘mod’ means modular
computation. That 1s, (n, mod 2) means the remainder
obtained by dividing n_ by 2).

Table 2 represents a CSI-RS configuration 1n normal CP,

and Table 3 represents a CSI-RS configuration 1n extended
CP.

TABL

L1

2

Number of confisured CSI-RSs

1 or 2 4 8

k', 1) n,mod2 (k\I') n,mod2 (k'yI') n, mod?2

(9, 3) 0 (9, 3) 0 (9, 3) 0
(11, 2) ] (11, 2) ] (11, 2) ]

(9, 2) (9, 2) (9, 2)

(7, 2) (7, 2) (7, 2)

(9, 3) 1 (9, 3) 1 (9, 3)

(8, 5) 0 (8, 3) 0
(10, 2) ] (10, 2) ]

(8, 2) (8, 2)

(6, 2) (6, 2)

(8, 3) 1 (8, 3)

(3, 3) 0

(2,5)
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. may transmit CSI-RSs only 1n the downlink slot
meeting the condition of ns mod 2 1n Tables 2 and 3. Further,
the UE abstains from transmitting CSI-RSs 1n a special

sub-frame of a TDD {rame, a sub-frame where CSI-RS
transmission collides with a synchronization signal, PBCH

(physical broadcast channel), and system information block 65
type 1 (SystemlnformationBlockTypel) or a sub-frame
where a paging message 1s transmitted. Further, 1n a set S,

19 20
TABLE 2-continued
Number of configured CSI-RSs
1 or 2 4 8
(k, 1Y n,mod2 (k,I') n.mod2 (k1) n, mod?2
(5, 2) 1
(4, 2) 1
(3, 2) 1
(2, 2) 1
(1, 2) 1
(0, 2) 1
(3, 3) “
(2, 5)
(11, 1) (11, 1) (11, 1)
9, 1) 9, 1) 9, 1)
(7, 1) (7, 1) (7, 1)
(10, 1) (10, 1)
(8, 1) (8, 1)
(6, 1) (6, 1)
(5, 1)
(4, 1)
(3, 1)
(2, 1)
(1, 1)
(0, 1)
TABLE 3
Number of conficured CSI-RSs
1 or 2 4 8
(K, 1Y n.mod2 (kK,I') n . mod2 (k,I') n mod?2
(11, 4) 0 (11, 4) 0 (11, 4) 0
(9, 4) 0 (9, 4) 0 (9, 4) 0
(10, 4) 1 (10, 4) 1 (10, 4) 1
(9, 4) 1 (9, 4) 1 (9, 4) 1
(5, 4) 0 (5, 4) 0
(3, 4) 0 (3, 4) 0
(4, 4) 1 (4, 4) 1
(3, 4) 1 (3, 4) 1
(8, 4) 0
(6, 4) 0
(2, 4) 0
(0, 4) 0
(7, 4) 1
(6, 4)
(1, 4)
(0, 4)
(11, 1) (11, 1) (11, 1)
(10, 1) (10, 1) (10, 1)
9, 1) 9, 1) 9, 1)
(5, 1) (5, 1)
(4, 1) (4, 1)
(3, 1) (3, 1)
(8, 1)
(7, 1)
(6, 1)
(2, 1)
(1, 1)
(0, 1)

60 where S={15}, S={15, 16}, S={17, 18}, S={19, 20} or
S={21, 22}, a resource element where a CSI-RS of one
antenna port 1s transmitted 1s not used for transmission of a
CSI-RS of another antenna port.

Table 4 shows an example of a configuration of a sub-
frame where a CSI-RS 1s transmitted.
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TABLE 4

CSI-RS-SubframeConfig CSI-RS period  CSI-RS sub-frame offset

lesrrs I csrrs (sub-frame) Az zs (subframes)
0-4 5 Lesrrs
5-14 10 leos peSd

15-34 20 lesrpe13

35-74 40 losr pe33

75-154 80 lecr pe 75

Referring to Table 4, depending on the CSI-RS sub-frame
configuration (I <, »<), the period (T ¢, »<) of the sub-frame
where CSI-RSs are transmitted and an offset (A, »o) may
be determined. The CSI-RS sub-frame configuration in
Table 4 may be one of the ‘SubframeConfig’ field or
‘Zero'TxPowerSubirameContig” field of the CSI-RS-Config
IE 1n Table 1. The CSI-RS sub-frame configuration may be
separately made for non-zero power CSI-RSs and zero
power CSI-RSs.

Meanwhile, FIG. 10 illustrates resource elements used for
CSI-RSs when the CSI-RS configuration index i1s O 1n
normal CP. Rp denotes a resource element used for CSI-RS
transmission on antenna port p. Referring to FIG. 11, CSI-
RSs for antenna ports 15 and 16 are transmitted through the
resource elements corresponding to the third subcarriers
(subcarrier index 2) of the sixth and seventh OFDM symbols
(OFDM symbol indexes 5 and 6) of the first slot. The
CSI-RSs for antenna ports 17 and 18 are transmitted through
resource clements corresponding to the ninth subcarriers
(subcarrier index 8) of the sixth and seventh OFDM symbols
(OFDM symbol indexes 5 and 6) of the first slot. The
CSI-RSs for antenna ports 19 and 20 are transmitted through
the same resource element where the CSI-RSs for antenna
ports 15 and 16 are transmitted, and the CSI-RSs for antenna
ports 21 and 22 are transmitted through the same resource
clement where the CSI-RSs for antenna ports 17 and 18 are
transmitted.

When CSI-RSs are transmitted to the UE through eight
antenna ports, the UE will receive RBs to which R15 to R22
are mapped. That 1s, the UE will receive a CSI-RS having a
particular pattern.

<Inter-cell Interference>

Meanwhile, inter-cell interference 1ssues and their solu-
tions are hereinafter described.

The 1nter-cell interference refers to a case where interfer-
ence occurs between cells when coverage 1s overlapped
between the cells 1n order to remove a shadow area.

Such an inter-cell interference problem also occurs
between a CSI-RS and a PDSCH.

FIG. 11 and FIG. 115 illustrate an example of a situation
in which interference 1s caused by a CSI-RS from a neighbor
cell.

Referring to FIG. 11a, 1t 1s shown a situation 1n which a
serving cell of a UE 100 is a 1™ eNodeB 200q, and a
neighbor cell causing interference is a 2”“ eNodeB 2005.
When the 2”7? eNodeB 2005 as the neighbor cell causing the
interference transmits the CSI-RS, the CSI-RS may cause
interference to a PDSCH from the 1°* eNodeB 200a as the
serving cell.

Meanwhile, recently, there 1s an ongoing discussion on a
heterogeneous network 1n which a macro cell and a small
cell (e.g. a pico cell, a femto cell, or a micro cell) co-exist.
In particular, there 1s an ongoing discussion for traflic
offloading by distributing UEs connected to the macro cell
to the small cell.

Referring to FIG. 115, 1t 1s shown an example 1n which a
small cell 300 exists mn an overlapping manner in the
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coverage of a 2" eNodeB 2005 as a macro cell. In the
present specification, the macro cell and a macro eNodeB
may be used together. A UE connected to the macro cell may
be referred to as a macro UE.

As such, the heterogeneous network has an inter-cell
interference problem since the macro cell and the small cell

overlap. For example, as illustrated, 1t 1s assumed that a
serving cell of the UE 100 1s the small cell 300, and a
neighbor cell causing interference is the 2”¢ eNodeB 2005
corresponding to the macro cell. In this situation, if the 2%
cNodeB 20056 causing interference transmits a CSI-RS, the
CSI-RS may cause interference to a PDSCH from the small
cell 300 corresponding to the serving cell.

FIG. 12 illustrates an example in which resources are
allocated to avoid interference caused by a CSI-RS between
cells.

A grid of a downlink subiframe based on a serving cell 1s
illustrated 1 an upper side of FIG. 12, and a grid of a
downlink subframe based on a neighbor cell 1s 1llustrated 1n
a lower side thereof.

Referring to the upper side of FIG. 12, the serving cell
may allocate a non-zero power (NZP) CSI-RS resource. A
zero power (ZP) CSI-RS resource may be selectively allo-
cated. Likewise, referring to the lower side of FIG. 12, the
neighbor cell may allocate the NZP CSI-RS resource. The
/P CSI-RS resource may be selectively allocated.

Comparing the upper side and lower side of FIG. 12, 1f the
serving cell transmits a CSI-RS at a location of an NZP
resource element (RE), the neighbor cell allocates the ZP
CSI-RS at the same location, thereby decreasing interfer-
ence caused by the CSI-RS between the serving cell and the
neighbor cell. Likewise, 11 the neighbor cell transmits the
CSI-RS at a location of the NZP resource RE, the serving
cell allocates the ZP CSI-RS at the same location, thereby
decreasing interference caused by the CSI-RS between the
serving cell and the neighbor cell. With the decrease 1n the
interference, channel estimation performance of a UE can be

more 1improved.

FIG. 13a illustrates an example of mutual interference
caused by a CSI-RS between cells, and FIG. 135 and FIG.
13c¢ 1llustrate examples 1n which a CSI-RS and a PDSCH
interfer with each other between cells.

As can be seen with reference to FI1G. 13a, when a serving
cell 200a transmits a CSI-RS at a location of an NZP RFE, 1f

a neighbor cell 2005 does not allocate a ZP CSI-RS but
allocates an NZP CSI-RS, a UE 100 1s interfered by the NZP
CSI-RS of the neighbor cell 20056 when 1ntended to receive
a CSI-RS from the serving cell 200aq.

Since the NZP CSI-RS 1s allocated basically by avoiding
collision between the serving cell and the neighbor cell, the
situation 1illustrated 1n FIG. 13qa rarely occurs. However, a
possibility of occurrence of such a situation cannot be
excluded 11 a small cell or a remote radio head (RRH) 1s
densely deployed 1n a macro cell.

In addition, as can be seen with reference to FIG. 135,
when a serving cell 200q transmits a CSI-RS at a location of
an NZP RE, i1 a neighbor cell 20056 does not allocate a ZP
CSI-RS but allocates a PDSCH, a UE 100 1s interfered by
the PDSCH of the neighbor cell 20056 when intended to
receive a CSI-RS from the serving cell 200a.

On the contrary, as can be seen with reference to FIG. 13c,
when a neighbor cell 2006 transmits a CSI-RS at a location
of an NZP RE, 1f a serving cell 200a does not allocate the
/P CSI-RS but allocates a PDSCH, a UE 100 i1s interfered
by the CSI-RS of the neighbor cell 2005 when intended to
receive the PDSCH form the serving cell 200a.
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Accordingly, one disclosure of the present specification
proposes a method of allowing a UE to remove interference
caused by a neighbor cell’s CSI-RS or PDSCH 1n order to
increase performance of serving cell’s CSI-RS channel
estimation and PDSCH reception.

Hereinafter, a method of adding an interference cancel-
lation capability to a UE will be described.

FIG. 14a 1s a block diagram illustrating the structure of
UE according to one embodiment of the present specifica-
tion.

In LTE or LTE-A, OFDM 1s used for a downlink and
SC-FDMA similar to OFDM 1s used for an uplink.

SC-FDMA may also be referred to as discrete Fourier
transtform (DFT)-spread OFDM (DFT-s OFDM). When SC-
1s used, non-linear distortion of a power amplifier may be
avoided, thus improving transmission power efliciency in a
power consumption-limited terminal. Accordingly, user
throughput may be enhanced.

SC-FDMA 1s substantially similar to OFDM 1n that
SC-FDMA transmits signals via separate subcarriers using a
Fast Founier transform (FFT) and mmverse FFT (IFFT). A
conventional OFDM transmitter has a problem that signals
in respective subcarriers on the frequency axis are converted
into signals on the time axis by IFFT. That 1s, IFFT 1s a
scheme of performing the same operation in parallel, and
thus peak-to-average power ratio (PAPR) increases. To
prevent increase in PAPR, SC-FDMA performs IFFT after
DFT spreading, unlike OFDM. That 1s, a transmission mode

in which IFFT 1s performed after DFT spreading 1s defined
as SC-FDMA. Further, SC-FDMA 15 also referred to as DFT

spread OFDM (DFT-s-OFDM).

SC-FDMA secures robustness to a multipath channel due
to a similar structure to OFDM and basically resolves a
disadvantage of conventional OFDM that 1s increase 1n
PAPR by IFFT, thereby allowing eflicient use of a power
amplifier.

Referring to FIG. 14a, the UE 100 includes a radio
frequency (RF) unit 110. The RF unit 110 includes a
transmitter 111 and a recetver 112. The transmitter 111
includes a discrete Fourier transtorm (DFT) unit 1111, a
subcarrier mapper 1112, an IFFT unit 1113, a cyclic prefix
(CP) insertion unit 1114, and a wireless transmission unit
1115. The transmitter 111 of the RF unit 110 may further
include, for example, a scramble unit, a modulation mapper,
a layer mapper, and a layer permutator, which may be
disposed before the DFT umt 1111. That 1s, as described
above, to prevent increase in PAPR, the transmitter of the RF
unit 110 subjects data to the DFT unit 1111 before mapping,
a signal to a subcarrier. The signal spread (or precoded) by
the DFT umit 1111 1s mapped onto a subcarrier by the
subcarrier mapper 1112 and subjected to the IFFT unit 1113
into a signal on the time axis.

That 1s, in SC-FDMA, unlike OFDM, PAPR of a signal in
the time domain obtained via the IFFT unit 1113 1s not
substantially increased by correlations between the DET unait
1111, the subcarrier mapper 1112, and the IFFT umt 1113,
thereby providing favorable transmission power efliciency.
That 1s, n SC-FDMA, PAPR or cubic meter (CM) may be
decreased.

The DFT unit 1111 performs DFT on iput symbols to
output complex-valued symbols. For example, when Ntx
symbols are mput (here, Ntx 1s a natural number), DFT has
a size of Nitx. The DFT umt 1111 may be referred to as a
transform precoder. The subcarrier mapper 1112 maps the
complex-valued symbols onto respective subcarriers in the
frequency domain. The complex-valued symbols may be
mapped onto resource elements corresponding to resource
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blocks allocated for data transmission. The subcarrier map-
per 1112 may be referred to as a resource element mapper.
The IFFT unit 1113 performs IFFT on the input symbols to
output a baseband signal for data as a signal 1n the time
domain. The CP insertion unit 1114 copies latter part of the
baseband signal for data and 1nserts the latter part 1n front of
the baseband signal for data. CP insertion prevents inter-
symbol interference (ISI) and inter-carrier interference
(ICI), thereby maintaining orthogonality even in a multipath
channel.

Meanwhile, the 3GPP is actively carrying out standard-
ization ol LTE-Advanced, evolving from LTE, for which
clustered DFT-s-OFDM allowing non-contiguous resource
allocation 1s adopted.

Clustered DFT-s-OFDM 1s a modification of existing
SC-FDMA, which divides data symbols having been sub-
jected to a precoder into a plurality of sub-blocks and
separately mapping the sub-blocks in the frequency domain.
An i1mportant feature ol clustered DFT-s-OFDM allows
frequency selective resource allocation to deal with a fre-
quency selective fading environment in a flexible manner.

Here, clustered DFT-s-OFDM adopted as an uplink access
mode for LTE-Advanced allows non-contiguous resource
allocation, unlike SC-FDMA as an uplink access for LTE,
and thus transmitted uplink data may be divided into a
plurality of cluster units.

That 1s, the LTE system 1s configured to maintain a single
carrier characteristic in an uplink, whereas the LTE-A sys-
tem allows non-contiguous allocation of DFT-precoded data
to the frequency axis or simultaneous transmissions of a
PUSCH and PUCCH.

Meanwhile, the receiver 112 of the RF unit 110 includes
a wireless reception unit 1121, a CP cancellation unit 1122,
an FF'T unit 1123, an equalizer unit 1124, and an interference
cancellation unit 1125. The wireless reception unit 1121, the
CP cancellation unit 1122, and the FFT umt 1123 of the
receiver perform reverse functions of the wireless transmis-
sion unit 1115, the CP insertion unit 1114, and the IFFT unit
1113 of the transmuatter 111.

The interference cancellation unit 1125 cancels or relieves
interference icluded 1n a received signal.

The interference cancellation unit 1125 1s added for
dealing with an explosively increasing demand for radio
data and for canceling interference.

FIG. 145 1s a block diagram illustrating operations of the
interference cancellation unit shown in FIG. 14a.

The receiver 112 additionally including the interference
cancellation unit 1125, which 1s called an interference can-
cellation (IC) receiver or interference rejection combiner
(IRC) receiver, 1s configured to subtract an interference
signal from a received signal.

Here, complexity of the receiver additionally including
the interference cancellation unit 1125 depends on a maxi-
mum number of cells as an interference cancellation target
and kinds of signals to be cancelled. FIG. 145 1llustrates
operations of performing interference cancellation of up to
two 1nterference sources.

However, 1f the interference cancellation target 1s a
PDSCH, the UE 100 must perform blind decoding on all
RBs, which may lead to a sigmificant increase in a compu-
tation amount. In particular, the UE cannot know whether
the interference cancellation target 1s a neighbor cell’s
CSI-RS or PDSCH, thereby having a problem 1n that blind
decoding 1s always performed.

However, 1f information regarding the neighbor cell’s
NZP CSI-RS and PDSCH 1s signaled by the serving cell to

the UE, the UE can more eflectively interfere with the
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neighbor cell’s NZP CSI-RS and PDSCH. In addition, as a
result, since the UE can remove the iterference, the serving,
cell can allocate the PDSCH on an RE 1n which the neighbor

cell’s NZP CSI-RS 1s transmitted. Therefore, an overhead
caused by the CSI-RS can be decreased, and a resource can
be used more eflectively.

Accordingly, another disclosure of the present specifica-
tion proposes a method of transmitting a network signal to
a UE so that the UE can eflectively remove interference on
a CSI-RS or PDSCH from a neighbor cell, in order to

improve performance of serving cell’s channel estimation
and PDSCH reception.

FIG. 15 illustrates a signal flow according to an embodi-
ment of the present specification.

As can be seen with reference to FIG. 15, a serving cell
200a exchanges scheduling information with a neighbor

interfering cell 20056 (5101).

Next, the serving cell 200a determines whether a neigh-
bor 1nterfering cell’s signal causing interference to any one

of a CSI-RS and PDSCH of the serving cell 200q 1s the
CSI-RS or the PDSCH according to the scheduling infor-
mation. That 1s, the serving cell 200a determines an inter-

terence cancellation target of the UE (5105).

Next, the serving cell 200a transmits network assistance
information including information regarding the interfer-
ence cancellation target to the UE 100 (S107).

Then, the UE 100 can remove interference from the
neighbor interfering cell 20056 by using the network assis-
tance information when receiving any one of the CSI-RS
and the PDSCH from the serving cell 200a. More specifi-
cally, on the basis of the network assistance information, the
UE 100 encodes a signal of the neighbor interfering cell
2005 as the interference cancellation target, for example, the
CSI-RS or the PDSCH, and re-generates the signal of the
neighbor interfering cell 2005 by using a channel estimation
result. Next, the UE 100 removes interference caused by the
signal of the neighbor interfering cell 2006 by using the

re-generated signal of the neighbor interfering cell 2005, and
thus acquires the CSI-RS or the PDSCH of the serving cell
200a.

Hereinafter, information regarding the interference can-
cellation target and included in the network assistance
information will be described 1n greater detail.

First, as illustrated 1n FIG. 1354, 1f the CSI-RS of the
serving cell 20056 1s interfered by the PDSCH of the neighbor
cell 2000, the information regarding the interference can-
cellation target may include PDSCH transmission power
based on the neighbor cell, a modulation and coding scheme
(MCS), a transmission mode, the number of layers, a pre-
coding matrix indication (PMI), and scrambling code seed
information.

In case of FIG. 134 and FIG. 13¢, the interference
cancellation target 1s a neighbor cell’s NZP CSI-RS. There-
fore, the information regarding the interference cancellation
target may include information regarding the neighbor cell’s
NZP CSI-RS, for example, the number of antenna ports,
resource configuration information regarding the CSI-RS
(1.e., neighresourceConiig), subirame configuration infor-
mation regarding the CSI-RS (i.e., neighsubirameConfig), a

scrambling code seed, and a power ratio between the
PDSCH and the CSI-RS (e.g., p-C). The information regard-
ing the neighbor cell’s NZP CSI-RS 1s summarized by the

following table.
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TABLE 5
Neigh-CSI-RS-ConfigNZP-r12 ::= SEQUENCE ¢
neighantennaPortsCount-rl1 ENUMERATED {anl, an2, an4,

anf },

INTEGER (0..31),
INTEGER (0..154),
INTEGER (0..503),

neighresourceConfig-rll
neighsubirameConfig-rll
neighscramblingldentity-r11

h

The information regarding the neighbor cell’s NZP CSI-

RS may be delivered to all UEs in the serving cell. When the
UE 100 receives such information, interference caused by
the neighbor cell’s NZP CSI-RS can be removed with low
complexity. Therefore, reception performance and channel
estimation performance of the UE can be improved.

However, 1f a tratlic load 1s high, transmission of the
information regarding the interference cancellation target by
the serving cell to the UE may also become a load. There-
fore, whether to perform transmission may be determined
according to the traflic load.

FIG. 16 1s a flowchart illustrating a method of a serving
cell according to an embodiment of the present specification.

As described above, the serving cell 200a exchanges
scheduling information with the neighbor interfering cell
2006 (S101).

Next, 1n order to determine whether an interference can-
cellation target of a UE 1s a CSI-Rs or a PDSCH according
to the scheduling information, the serving cell 200a first
determines whether a traflic load of the serving cell 1s above
a first threshold (S103). If the traffic load of the serving cell
1s below the first threshold, the serving cell 200a determines

whether a tratlic load of the neighbor cell 1s above a second
threshold (S103-1). Likewise, 1f the traifl

ic load of the
serving cell 1s above the first threshold, the serving cell 2004
determines whether the traflic load of the neighbor cell 1s
above the second threshold (S103-2).

If the traflic load of the serving cell 1s below the first
threshold and the trathic load of the neighbor cell i1s also
below the second threshold, the serving cell 200a deter-
mines the interference cancellation target of the UE as null.
The serving cell 200q allocates a ZP CSI-RS to a neighbor
cell’s NZP CSI-RS resource location (S105-1), and ends the
procedure without transmission of the network assistance
information. In this case, since the network assistance infor-
mation 1s not received, the UE 100 does not perform an
interference cancellation operation.

However, 11 the trailic load of the serving cell 1s below the
first threshold but the traflic load of the neighbor cell i1s
above the second threshold, the serving cell 200q determines
the neighbor cell’s PDSCH as the interference cancellation
target (5105-2), and transmits the network assistance infor-
mation including the information regarding the neighbor
cell’s PDSCH to the UE 100 (5105). In this case, the UE 100
may determine whether to perform the interference cancel-
lation operation according to a size ol interference of the
neighbor cell regarding the NZP CSI-RS of the serving cell
200a, and may perform the interference cancellation opera-
tion according to the determination. For example, 1n case of
serving cell signal power—interierence power>z[dB], the UE
100 may not perform the interference cancellation operation.
However, 1n case of serving cell signal power—interierence
power<z[dB], the UE 100 may perform the interference
cancellation operation.

On the other hand, 11 the traflic load of the serving cell 1s
above the first threshold and the traflic load of the neighbor
cell 1s below the second threshold, the serving cell 200q
determines the neighbor cell’s NZP CSI-RS as the interfer-
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ence cancellation target (S105-3), and transmits the network
assistance 1nformation including the neighbor cell’s NZP
CSI-RS to the UE 100 (S105). Then, the UE 100 may
determine whether to perform the interference cancellation
operation according to a size of interference caused by the
neighbor cell’s NZP CSI-RS, and may perform the interfer-
ence cancellation operation by using the information regard-
ing the neighbor cell’s NZP CSI-RS according to the deter-
mination.

However, i1 the trathic load of the serving cell 1s above the
first threshold and the traflic load of the neighbor cell 1s also
above the second threshold, the serving cell 200q determines
the neighbor cell’s NZP CSI-RS and PDSCH as the inter-
terence cancellation target (S105-4), and transmits the net-

work assistance information including information regard-
ing the neighbor cell’s NZP CSI-RS and PDSCH to the UE
100 (5105). Then, the UE 100 may determine whether to
perform the interference cancellation operation according to
a size of interference caused by the neighbor cell’s NZP
CSI-RS and a size of mterference caused by the PDSCH,
and may perform the interference cancellation operation
according to the determination.

FI1G. 17a 1llustrates a heterogeneous network environment
for maximizing an effect exerted by a method according to
an embodiment, and FIG. 1754 illustrates another network
environment for maximizing an eflect exerted by a method
according to an embodiment.

As 1llustrated 1n FIG. 174, 1f a small cell 300 correspond-
ing to a neighbor cell 1s deployed more densely than
necessary 1n the coverage of a macro cell 200 corresponding
to a serving cell, a CSI-RS and PDSCH from the small cells
300 may cause significantly great interference to a UE 100
of the macro cell 200a corresponding to the serving cell. In
this situation, 1f the macro cell 200a corresponding to the
serving cell transmits the network assistance information
including the information regarding the CSI-RS of all of the
small cells 3004 and the information regarding the PDSCH
to the UE 100, 1t may be a significantly great overhead.
Therefore, according to one embodiment of the present
specification, the macro cell 200a corresponding to the
serving cell may transmit information regarding interference
cancellation only when a traflic load 1s high and may not
transmit 1t when the trafiic load 1s not high, thereby decreas-
ing an overhead caused by network signaling. In addition,
the UE 100 performs interference cancellation depending on
the information regarding interference cancellation, thereby
improving channel estimation performance and reception
performance while sigmificantly decreasing complexity. In
addition, the UE 100 may perform, or may not perform, an
interference cancellation operation according to a power
level of an interference signal against a signal power level of
the serving cell, thereby saving battery consumption while
decreasing a load of the UE.

Referring to FIG. 175, for example, 1n a situation 1n which
a small cell 300 exists 1n the coverage of a macro cell 200
in an overlapping manner, the macro cell 200q uses a
downlink carrier based on 3GPP LTE/LTE-A, that 1s, a
legacy carrier, whereas the small cell 300 uses a new carrier,
1.€., a new carrier type (NCT).

The new carrier, 1.e., the NCT, 1s under discussion for use
in a next-generation wireless communication system, 1n
order to decrease interference between a plurality of serving
cells and to improve a transmission bandwidth. To extend
the transmission bandwidth, it 1s considered in the NCT that
transmission ol not only a CRS but also a CSI-RS 1s skipped
or significantly reduced. However, 11 the transmission of the

CSI and the CSI-RS 1s skipped, there 1s a problem 1n that a
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UE cannot exactly perform channel estimation. On the other
hand, according to an embodiment of the present specifica-
tion, since the UE can remove interference caused by the
neighbor cell’s PDSCH and CSI-RS, the serving cell or the
neighbor cell may not skip the transmission of the CSI-RS
unlike in the NCT. That 1s, according to the embodiment of
the present specification, since the UE can remove the
interference, the serving cell can allocate the PDSCH on a
resource element (RE) for transmitting the neighbor cell’s
NZP CSI-RS, an overhead caused by the CSI-RS can be
decreased, and a resource can be more effectively used.

The embodiments illustrated above may be implemented
by various instruments. For example, the embodiments of
the present mnvention may be implemented by hardware,
firmware, software, or combinations thereof, which will be
described 1n detail with reference to FIG. 13.

FIG. 18 1s a block diagram illustrating a wireless com-
munication system according to an embodiment of the
present 1nvention.

A BS 200 includes a processor 201, a memory 202, and
an RF (radio frequency) unit 203. The memory 202 coupled
to the processor 201 stores a variety of information for
driving the processor 201. The RF unit 203 coupled to the
processor 201 transmits and/or receives a radio signal. The
processor 201 implements the proposed functions, proce-
dure, and/or methods. In the atforementioned embodiment,
an operation of the BS may be implemented by the processor
201.

A wireless device 100 includes a processor 101, a memory
102, and an RF unit 103. The memory 102 coupled to the
processor 101 stores a variety of information for driving the
processor 101. The RF unit 103 coupled to the processor 101
transmits and/or receives a radio signal. The processor 101
implements the proposed functions, procedure, and/or meth-
ods. In the aforementioned embodiment, an operation of the
wireless device may be implemented by the processor 101.

The processor may include an application-specific inte-
grated circuit (ASIC), a separate chipset, a logic circuit,
and/or a data processing unit. The memory may include a
read-only memory (ROM), a random access memory
(RAM), a flash memory, a memory card, a storage medium,
and/or other equivalent storage devices. The RF unit may
include a baseband circuit for processing a radio signal.
When the embodiment of the present invention i1s 1mple-
mented 1n software, the atorementioned methods can be
implemented with a module (i.e., process, function, etc.) for
performing the alorementioned functions. The module may
be stored 1n the memory and may be performed by the
processor. The memory may be located inside or outside the
processor, and may be coupled to the processor by using
various well-known means.

Although the atforementioned exemplary system has been
described on the basis of a flowchart in which steps or blocks
are listed 1n sequence, the steps of the present mnvention are
not limited to a certain order. Therefore, a certain step may
be performed in a different step or in a different order or
concurrently with respect to that described above. Further, 1t
will be understood by those ordinary skilled in the art that
the steps of the flowcharts are not exclusive. Rather, another
step may be included therein or one or more steps may be
deleted within the scope of the present invention.

What 1s claimed 1s:

1. A method of transmitting network assistance informa-
tion 1 a serving cell 1 order to perform interference
cancellation of a terminal, the method comprising:

checking, by the serving cell, whether a traflic load of the

serving cell 1s greater than or less than a first value;
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checking, by the serving cell, whether a tratlic load of a
neighbor cell 1s greater than or less than a second value;

determining a target for which the interference cancella-
tion 1s to be performed by the terminal, based on a
result of the checking the tratlic load of the serving cell
and a result of the checking the traflic load of the
neighbor cell; and

transmitting to the terminal the network assistance infor-

mation including information regarding the determined
target for which the interference cancellation 1s to be
performed,

wherein 1f the traflic load of the serving cell 1s less than

the first value and the tratlic load of the neighbor cell
1s less than the second value, the target for which the
interference cancellation 1s to be performed by the
terminal 1s determined as null.

2. The method of claim 1, wherein the determiming of the
interference cancellation target includes determining
whether the target for which the interference cancellation 1s
to be performed 1s the neighbor cell’s channel state indica-
tor-reference signal (CSI-RS) or a physical downlink shared
channel (PDSCH).

3. The method of claim 1, wherein 1if the trathic load of the
serving cell 1s less than the first value and the traflic load of
the neighbor cell 1s less than the second value, a zero power
(ZP) channel state indicator-reference signal (CSI-RS) 1s
allocated by the serving cell at a location of the neighbor
cell’s non zero power (NZP) CSI-RS resource.

4. The method of claim 1, wherein 1f the trathic load of the
serving cell 1s less than the first value and the traflic load of
the neighbor cell 1s greater than the second value, the

neighbor cell’s physical downlink shared channel (PDSCH)

1s determined as the target for which the interference can-
cellation 1s to be performed by the terminal.

5. The method of claim 1, wherein if the trathic load of the
serving cell 1s greater than the first value and the tratlic load
of the neighbor cell 1s less than the second value, a neighbor
cell’s non zero power (NZP) channel state indicator-refer-
ence signal (CSI-RS) 1s determined as the target for which
the interference cancellation i1s to be performed by the
terminal.

6. The method of claim 1, wherein it the traflic load of the
serving cell 1s greater than the first value and the trathic load
of the neighbor cell 1s greater than the second value, the
neighbor cell’s channel state indicator-reference signal
(CSI-RS) and physical downlink shared channel (PDSCH)
are determined as the target for which the interference
cancellation 1s to be performed by the terminal.

7. The method of claim 1, wherein 11 the neighbor cell’s
non zero power (NZP) channel state indicator-reference
signal (CSI-RS) 1s determined as the target for which the
interference cancellation 1s to be performed by the terminal,
the network assistance information includes one or more of
the number of neighbor cell’s antenna ports, resource con-
figuration information of the CSI-RS, subirame configura-
tion information of the CSI-RS, a scrambling code seed, and
information of a power ratio between a physical downlink
shared channel (PDSCH) and the CSI-RS.

8. A serving cell base station for transmitting network
assistance imnformation 1n order to perform interference can-
cellation of a terminal, the serving cell base station com-
prising:
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a transceiver; and
a processor configured to:
check whether a tratlic load of a serving cell associated
with the serving cell base station 1s greater than or
less than a first value,
check whether a tratlic load of a neighbor cell 1s greater
than or less than a second value,
determine a target for which the interference cancella-
tion 1s to be performed by the terminal, based on a
result of the check of the traflic load of the serving
cell and a result of the check of the traflic load of the
neighbor cell, and
control the transceiver to transmit to the terminal the
network assistance information including informa-
tion regarding the determined target for which the
interference cancellation 1s to be performed,
wherein 11 the trail

ic load of the serving cell 1s less than
the first value and the tratlic load of the neighbor cell
1s less than the second value, the processor determines
the target for which the interference cancellation 1s to

be performed by the terminal as null.
9. The serving cell base station of claim 8, wherein the
processor determines whether the target for which the inter-
terence cancellation 1s to be performed by the terminal 1s a

neighbor cell’s channel state indicator-reference signal
(CSI-RS) or a physical downlink shared channel (PDSCH).

10. The serving cell base station of claim 8, wherein if the
traflic load of the serving cell 1s less than the first value and

the tratlic load of the neighbor cell 1s less than the second

value, the processor allocates a zero power (ZP) channel
state indicator-reference signal (CSI-RS) at a location of the
neighbor cell’s non zero power (NZP) CSI-RS resource.

11. The serving cell base station of claim 8, wherein if the
traflic load of the serving cell 1s less than the first value and
the traflic load of the neighbor cell 1s greater than the second
value, the processor determines the neighbor cell’s physical
downlink shared channel (PDSCH) as the target for which
the interference cancellation 1s to be performed by the
terminal.

12. The serving cell base station of claim 8, wherein if the
tratlic load of the serving cell 1s over the first value and the
tratlic load of the neighbor cell 1s less than the second value,
the processor determines the neighbor cell’s non zero power
(NZP) channel state indicator-reference signal (CSI RS) as
the target for which the interference cancellation 1s to be
performed by the terminal.

13. The serving cell base station of claim 8, wherein 1f the
traflic load of the serving cell 1s greater than the first value
and the traflic load of the neighbor cell 1s greater than the
second value, the processor determines the neighbor cell’s
channel state indicator-reference signal (CSI-RS) and physi-
cal downlink shared channel (PDSCH) as the target for
which the interference cancellation 1s to be performed by the
terminal.

14. The serving cell base station of claim 8, wherein if the
neighbor cell’s non zero power (NZP) channel state indica-
tor-reference signal (CSI-RS) 1s determined as the target for
which the interference cancellation 1s to be performed by the
terminal, the network assistance information includes one or
more of the number of neighbor cell’s antenna ports,
resource configuration information of the CSI-RS, subiframe
configuration information of the CSI-RS, a scrambling code

seed, and information of a power ratio between a physical
downlink shared channel (PDSCH) and the CSI-RS.
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